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tingent media as far as they are contingent.*® Built on a middle 
term abstracted by the intellect, demonstration is not made more 


certain by merely multiplying the number of contingent media.*® 
tion of instances.** 


For the universal itself is not a mere sumumna 

These principles have a direct bearing on modern physics. Law 
is empirical in physics. Physics deals with the world of sense, 
where a knowledge of intelligible essence is precluded by the 
scientific method itself. Necessary truth, it has been noted, de- 
mands the ascent of the mind to essences abstracted from their 
immersion in matter. By a simple enumeration of the singular 


cases of the sense world, how can we know, Aquinas asks, that an 
nd that no con- 


attribute can be predicated in all possible cases a 
law in physics depends 


trary instance is possible ?** If induction of 
trary instance can dis- 


on mere enumeration, a mere solitary con 
prove it.2® On the contrary, a knowledge of universal truth rests 


not on sense but on intellectual insight.2° It is always and every- 


where present in a thing as a result of the thing’s nature.** Every- 
tional animal; motion demands a 


where and always man is a ra 
mover; being demands order. Otherwise man would no longer 
be man, nor motion motion, and so on. The nature is seen by in- 
sight, not by counting. Here it differs from a mere collection. 
It is only in modern times that the emphasis has been placed not 
upon nature but upon number. D’Abro, for example writes: “Es 
short, it is in the accuracy with which the facts are studied and 
ber of facts considered, that the 


co-ordinated, and it is in the num 
scientific method differs from all other methods. Therein rests its 


superiority.”*? But no matter how accurately a ratio expressed by 


law may be measured or how numerous the ratios may be, reason 
immediate, empirical conclusion to the 


does not leave room for an 
necessity and universality which are the characters of science. 


% In I Anal. Post. 8. 

16 Jy J Anal. Post. 21. 

11 Ty I Anal. Post. 10. 

18 Ty, IJ Anal. Post. 5. 

1° Ty I Anal. Post. 12. 

2 Ty J Anal. Post. 40. 

™ Ibid. : : 

2 Evolution of Scientific Thought from Newton to Einstein, p. 384. 
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ical 
nse data to the higher order of 


Physicists overcome, t 
ant to experiments, 


If a test is to be made of the Stefan- 
hich says that the total emitting 
power of any bod on to the fourth power of 
its absolute temperature, the physicist abstracts from the color of 
the body, its shape, its atomic and nuclear peculiarities, the time 
of day, the season of the year, in short from all those circum- 

t which do not relate to the 


stances attendant upon the experimen 
measurement of radiation and temperature. But even after he has 
from its natural context, the physicist 


st experiment to 


facts or laws, relev 


f radiation, W 


Boltzmann law 0 
y is in direct proporti 


tified on the basis of pa 
28 On the basis of the logic of the 
n is quite obvious. 


from the im- 


e ones. 
for this reservatio 
Aquinas warns against faulty definitions, arising 
g of an attribute to the subject (¢.g., as necessary 
hen it is really the opposite ) and arising from the 
definition.”® If we rely on senses 


omission of essential attributes in 
alone, we are exposed to both dangers. Aquinas warns also against 
ivocation in our search after essences.®° 


hasty generalization and equ 

‘Reliance on senses alone is to court these two fallacies. 
In brief, the laws of physics need a firmer support than the 

mere enumeration of instances.** By the very nature of the sci- 


a series, is not wholly inductive. The mind abstracts g¢ 
t necessary to carry out the calculations 


the examples induced, and it is no | 
beyond the point where such relations can be seen. We are doing what 
Plato, Aristotle, and Aquinas regarded as a function—doubtless, in the case 
of Aquinas, the only function—of induction, providing examples for the 
abstracting of general truths. ety 

The notion of infinity in mathematics is the revenge of the mathematician 
and the physicist for their failure to reach the unity of form and of being. 

® Russell, B., Problems of Philosophy, PP- 101-102. 

» In II Anal. Post. 14. 

Ty Anal. Post. +i: : 

aj, M. Keynes, however, points out the value of enumeration: “The 
object of increasing the number of instances arises out of the fact that 
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Philoso Phy, p. 271 


s itself, to use Mill’s term, to “the 
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t to an ordered nature. He held it, 


Aquinas held firm and fas 
m has 


however, on the basis of a concept that modern scientis 
rejected as anthropomorphic—the concept of final causality. Omne 
agens agit propter finem. lf every agent did not act toward a 
determinate end, there would be no reason why one effect should 
follow from a given action rather than another effect.** But there 
is not only action in the world. There is interaction as well. Not 
only an order betweeen an individual agent and its individual effect 
but an order between the individuals themselves which are directed 
toward one end, God.** It is this unifying and coordinating tend- 
ency toward God (assimilari Deo) which builds the manifold of 
nature into an ordered hierarchy. Aquinas envisioned nature as 
the work of the Divine Artist directing all things to determinate 
ends.*° Love is the tendency of beings toward their proper ends. 
Since God is the highest end of all created beings, they are all 
joined together in seeking their common goal. This tendency of 
"all beings toward one end forms order. Hence, Aquinas says, the 
world is one, for all beings are ordained by an order toward one 
goal.%¢ 
Such in brief is a sketch of the order of nature as Aquinas 
viewed it. The tendency of things toward their ends he called the 
laws of nature. Law, he stated, imports direction toward an end.** 
But since scientific technique does not treat the teleological con- 
ception of the laws of nature®® and since, from the point of view 


of philosophy, it is not trinsic ends of 


possible to detect the in 
physical realities of the material world except in a general sense, 
we are still faced with the pro 


pblem of justifying the generaliza- 
tions made by physics on the basis of relatively few particular 
instances. Scientific method rightly ignores final causality. It can- 

ome under the viewpoint of physics, 


not be measured. It does not ¢ 
though it is a reality that must be philosophically examined if we 


are to have a complete account of nature. But if scientific method 


% Cont. Gent. III, 2. 

* Cont. Gent. III, 17: 

* Jy Phy. Ul, 14. 

% I de Div. Nom. ek 


*{T-T], 93, 3. : 
Cf. Planck, M., Physikalische Rundblicke, p. 109. 
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the last analysis contingent.*? They depend on the concurrence 
of things outside the causes. If an effect depends on factors which 
are extrinsic to its causes, it cannot claim perfection from its 
efficient and final causes alone. There may be interference of 
these factors outside. 
Finally, existence in the physical w 


material things may or may not exis 
can only deal) with the existential world, its laws are always 


subject to the provision that agents, recipients, and the conditions 


of action and reception actually exist. This may or may not 
not, the mere possibility of non- 


be the case. Even when it is 
ites for transitive action is a sign 


existence on the part of requis 
and source of contingency.** In the last analysis, these two sources 


of contingency—existentiality and materiality—are intimately in- 
terwined. Only individuals actually exist in the physical world. 
They are rendered apt for existence by matter (endowed with 
quantity )—the principle of individuation. As Cohen says, “This 


uneliminable character of contingency is but the logical expression 
dividuality.’’** Individual things alone 


of the metaphysical fact of in 

can be studied by the measuring, sense-dependent technique of 
modern physics. The individual may or may not exist. Even when 
existent, it is submitted to the variable potencies of the active, 
receptive, and conditioning dispositions of the matter which origi- 


nates it. 

As Marling indicates, the doctrine of Aquinas on the order of 
nature thus steers 4 middle course between absolute determinism 
and utter contingency. “As long as form must consort with mat- 

erse presupposes indi- 


ter,” Marling says, “as long as the univ 
viduals, absolute determinism is ruled out and nature’s laws are 


stamped with a provisional character. This does not mean that 
scientific determinism is ruled out. It merely limits its proper 
sphere, as after all, science itself must be limited.’’*® 

But we must seek a sufficient reason for this “scientific de- 
terminism’’ in nature. It cannot be the issue of chance. Chance 


orld is itself contingent. The 
t. Since physics deals (and 
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ns all things suaviter and firmiter 
an order in nature based on final 
e freakish, we must, in speaking 


mutability of God, who ordai 


causes. But since matter may Prov 
about that order, carefully qualify “necessity” with “hypothetical” 


—hypothetical, that is, in the sense that the order depends on the 
he material conditions outside the final and ef- 
ficient causes combining to produce an effect. 

It was pointed out above that induction by simple enumeration 
could not guarantee the distributed middle term which is necessary 
for demonstration. Every simple enumeration, unless it is com- 


plete, suffers from an undistributed middle term; when complete, 
determining that we have a complete 


if we have any means of 

enumeration, it is then a mere vicious circle because the individual 
before being “deduced” from the collection. 

Now the order of nature enables us to overcome both of these 

“difficulties. By the principle of uniformity, we can generalize from 

ual experiments to all possible cases of the 


phenomena in question. We can then truly make the conversion 
in the minor premise which, we saw, was proposed by Aristotle 
to overcome the undistributed middle term. We can also draw 
experience without becoming in- 


conclusions concerning possible 
ctually postulating the knowledge of 


volved in the diallela of a 
the individual which must be already formally included in the 
premises before we can deduce it as a conclusion. Francis Bacon 
rightly criticized simple enumeration. But physicists must adopt 
it, with all of its errors and all of its weaknesses, unless we go 
beyond the empirical method to a discussion of the non-empirical 
realities upon which alone genuine physical science can take firm 
root and be truly scientific. 
Scientific laws are only hypothetically necessary. Under the same 
conditions and in the same circumstances, the same effect will fol- 
low the same cause. But our generalizations must be qualified by 
the fact that since we are dealing with the existential world of 
material individuals the effect may be impeded. Hume was right 
in holding that succession cannot guarantee necessity in itself. 
But there is more than succession in the philosophical analysis of 


4° Efficient Causality in Aristotle @ 
1940, p. 393. 
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determinism, we have not been able 
hich govern nature, either because 
1 or because of the computational 
duced a new variable. The laws 


in statistics or in quantum-mechanical probability- 


amplitudes, far from correcting for the contingency of the laws 
of nature have, in reality, added a second—and purely subjective 
—element of contingency to the objective fact that the activities 


of nature are contingent on the free and unfettered exercise of 
hat over large aggregates, probability 


efficient causality. The fact t 

approaches certainty (or in the language of mathematics a 1/1 

ratio) and that when we make certain assumptions, as in classical 

or quantum statistics, correspondingly exact conclusions can be 
f, if proof is needed on this basis, that 

rse when left to itself and is not a 

as the popularizers sometimes say, 


of probability 


nature follows a regular cou 
behaving, 


e free will. 
PP free fantastic conclusions drawn from the s 
of the second law of thermodynamics, that water may 
freeze on a fire or that a stone may fall upward, are results of 
the fact that mathematics is the only language which physics knows 
and that physicists have made it into a universal logic, beyond 
the expressions of which there can be no legitimate knowledge. 
They say, to take a rather obvious case, that according to the Bohr 
_ correspondence principle quantum mechanics approaches classical 
mechanics asymptotically when particles become numerous and 
the energy of a system becomes high. But an asymptote is a mathe- 
matical concept, not 2 physical one, and to apply it, as it is in 
mathematics, to physical reality is to follow in the footsteps of 
Zeno. Macrophysical events in ordinary space obey Newtonian 
mechanics, as experience attests, and they obey it now as unerr- 
ingly as similar events 0 in the nineteenth century. Physi- 


bserved 
cists have simply discovered in the twentieth century new facts 
on a different level. They have not denied the facts, as facts, dis- 
covered by Newtonian physicists and generalized into scientific 
laws. Such facts are still recognized and treated, classically, by the 


tatistical treatment 
sometimes 


Cf. supra, p- 47. 
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vations in microphysics. Mathe- 


a mathematical development of obser 
_ matics is the only language which physics speaks. Since a proba- 
‘te naturally, never yield a 


can, qui 


bility ratio in the beginning 
one-to-one ratio in the end which is what the scientist calls certi- 


thematics alone in all their or- 


ere to ma 
d in terms 


hat all events must be describe 
noted in statistical thermodynamics. 


- But the physical order is not synonymous with the mathematical 
order. In the universe, there are not only numbers. There are 
natures. The “disorder” is, like chance, the seal of man’s igno- 
rance. If the material entities which seem to be in chaotic move- 
ment, obediently to the law of entropy, have no final cause or- 


daining them to definite ends, there would be no sufficient reason 
ties could neither act nor exist. They 


“disorder” is a sign of our mind’s 
A disordered movement is neces- 
for if every material being did not have a definite 


dency, a definite goal, it would tend in all 
be possible at all. To depart 


tude, physicists who adh 
ganized thinking, believe t 
of the increasing “disorder” 


and determined ten 


directions, and no movement would 
from relatively few observed data in microphysics and then treat 


them by mathematical formulae, as though mathematics could give 
a complete account of all the activities of nature, is not a logical 
procedure. True, we could never reach mathematically the 1/1 
ratio if we start out with probabilities. But enumeration here is 


only satisfactory in mathematics as such, and the conclusions can- 
not be applied to the physical world as such with the pretense that 
there are no other factors active in nature except the mathematical. 
If we so apply them, we must bear in mind two points: first, that 
we are assuming that there is nothing which determines the world 
of visible experience except the mechanical activities of the micro- 
physical order ; and secondly, that we are assuming mathematics to 
be the complete—and indeed the one and only—reasoned discipline 
that we apply to the study of matter. 

The first assumption explains away the world of quality or 


form. The second explains away finality or order. But order in 
nature is not resolvable into mathematics. It can only be studied 
in its ultimate basis by the intellectual insight, into nature, of the 
method of philosophy. It is abstraction that bridges the gap, which 
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h which they work. If relativity has im- 


material individuals wit 

oved our measurements of matter, it has not changed matter’s 
ontological statu 
_ter’s activity. This contingent c 
_ of measurement, whether it be imple 
_ quantum, or relativity mechanics. It i 
_ however it is studied. 


s and the consequent contingent character of mat- 
haracter is independent of our logic 


mented according to classical, 
s imbedded in matter itself, 
thetical necessity of the laws of physics 
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Practically, this state of mind is one of certitude. If the caprices 
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Own Intelligence (sapien t ordinare). Moreover, in the uni- 
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places law in individual cases because such a law does not exist. 
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altogether an induction in the sense of an abstraction. It is, in 
Comte’s language, 4 production of the speculating human mind, 
ponds with the facts that give it birth ; 
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he efforts of Dirac and 
g the mechanics of the 
theories, the two 

that scientific theories may 
f demonstration lurks in the 
to reach abstract essences where the 
teed by the nature of abstraction 


Though we believe our present hypotheses to be 
lified acceptance lest they be 


quantum and relativity 
not 


d term o 


true, we may still reserve our unqua 
restricted at some future date, exactly as the classical theories of 


the last century. It is provisions against another revolution in 
hat Maritain has called the “delusive 
ism” of the logical positivists and others of the same spirit. 


There is, in fact, a contradiction between relativity and quantum 
both must be modified in a most 


profound way. 

_ Experiment has made rapid strides since the days when Aris- 
totle and Aquinas wrote. By proper variation of conditions in the 
experiments we conduct, we can eliminate unsatisfactory explana- 
tions and more or less verify the satisfactory ones. But even if 
fy a high degree of practical certitude in 


he certainty must nevertheless fall short 
of an absolute category, if only for the reason which Aquinas and 


Aristotle allege against the explanation of thunder and eclipses, 

the major term. 

Aquinas elsewhere strikes the weakness in 
If the middle term is wider than the major, 
valid. For we cannot conclude to one cause when the same effect 
may be due to several causes, just as we cannot conclude that a 
person has fever from his rapid pulse.®*® Again it must be kept 
in mind that modern experimental technique may eliminate the 

s far as our present 


unessential aspects of a given causal sequence a 
knowledge goes. But so long as we are ignorant of the true and 


not merely suppositional relation between the cause and the effect 
in question, OUT certitude can never reach absolute proportions but 


must always be clouded by the possibility, however small or large, 


the value of our theories, t 


more telling fashion. 
our reasoning is not 
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cal analogy in working out his sta- 


oltzmann employed physi 
cessors who formulated 


tistical system, and so did his quantum suc 
the Einstein-Bose and Fermi-Dirac systems of contemporary sta- 
tistics. Fourier’s so-called mathematical theory of heat flow is based 
upon a supposed distribution of particles separated by minute 
it tervals and upon physical presuppositions as to the behavior of 
both. Only after these postulates have been made, as in the case 
of statistical theory in physics generally, can conclusions be mathe- 
matically developed for further application to the physical world. 
In the Schroedinger equation, the factors H (an operator), E 
(energy), and Psi ( probability amplitude) all trace their origins 
by however devious a route back to the sense perception of ordi- 
ary experience. Analogy is a tool in th 


i e service of microphysics : 
ntities, not visible in themselves but known © 


nly by their effects, 
¢ pictured—or if the word “picture” is unpalatable let us say 
ited—by comparison with sense perception to which ultimately 
y owe their logical origins. Theories in physics mus 


t have a 
sical character. Because they are suppositions, however, we can 


only know this character, not directly, but by analogy to something 
which we directly know. True, in the so-called mathematical 
theories in contemporary physics, the physical background is de- 
- emphasized and analogy is played down by the desire to eliminate 
anthropomorphism. But the analogy is still there in some way- 
. s an imaginative sup- 


Physics is physical, and the physicist require 
port to carry out e material world which he 


his reasoning about th 
studies. uae 
Analogy in this sense is a fruitful source of knowledge in dis- 
nt in both teaching and learning, espe- 


covery and a ready serva 
tomic and subatomic phenomena which elude 


cially in dealing witha 

direct observation. But if it is a good working guide, it is not 

infallible. “‘Its strength,” writes Stebbing, “depends upon the char- 

acter of the initial resemblance and upon the relative comprehen- 
s which are asserted to be connected.”®? 


siveness of the propertie 
ermine whether a deep or purely accidental 


The problem is to det 
similarity exists. Here the number of instances has a peculiar role. 
It is a means of testing analogy because the more we increase the 
Fhe 
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found in the solar eclipse of 1919 to be curved; but it cannot be 


science. Though experiment may ai 
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are more logical than their nineteenth-century predecessors in this 


criticism of “mechanical” pictures. Aquinas, at one here with the 
modern physicist, noted that “it is not necessary for things similar 
in one respect to be similar in ali respects.”** The criticism by 
‘modern physics of the tendency to view models as exact copies 
of reality is based on incontrovertible logic. There are resemblances 
between model and thing. But there may also be differences- 
Applying the dictum of Aquinas to the baffling problems of 


present-day quantum and relativistic mechanics, we find that our 


conclusions concerning the physical bases of modern theories 


must be carefully restricted. Electrons were found in the Davisson- 
but this does not 


sary for things sim- 
> Light rays were 


apodictically inferred that the space through which they passed is 
curved. This principle of Aquinas strikes a nerve center in modern 
d in throwing out accidental 


differences between analogue and analogate and in thus reaching 
from 


more essential resemblances, yet SO long as we are reasoning 
effect to cause and using analogy to describe the cause, our con- 
‘clusions must always suffer from the possibility that our conclu- 


sions may be defective. There is an obvious danger, then, in con- 
‘duding from the properties of the analogate to the corresponding 
properties of the analogue, except for those precise features 1n 
which they are found to agree. In the strict logic of demonstra- 
tion, we cannot conclude that electrons are waves but only that 
they obey a wave equation. Similarly, we cannot reason immedi- 
ately from the curvature of light waves to the curvature of space. 
In the case of the electrons, for instance, our reasoning would be 
thus: waves obey wave equations ; electrons obey wave equations ; 
therefore electrons are waves. Cursory inspection shows that the 
middle term is not distributed. T his formal fallacy characterizes 


every false analogy: 

Finally, the traditional notion of analogy as 4 method of reason- 
ing provides in physical science a meeting ground for the coher- 
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in physics, to use 
which science as- 
nd seeks to reveal, is not that of a 
-logical rationality.’ 
to the deduction 
he ontological 


n modern theories 


ities. It may well be that i 
Tennant’s significant words, “the intelligibility 
sumes the word to possess 4 
teleological reasonableness, but rather a quasi 
Physics seeks to arrange its concepts with a view 


f facts. But the logical order is dependent on t 


order as to its origin and to its application. 
i Physicists maintain that the aim of a theory is to predict phe- 
‘nomena. But in view of the contingency of the laws of nature, it 
is possible that a hypothesis may fail in its forecasting for reasons 
mentioned in the discussion of cosmic order. Aquinas himself 
suggests further material for a critical approach to the predictive 
aspects of scientific theories. He points out that the present, past, 
and future, which are involved in every temporal sequence, are not 
n the same genus, and that the passage from one to the other 
eaves room for the variati i -< Jaws. Although the fol- 
lowing example can be applied to law as well as theory, it is de- 
serving of special mention here in view of the insistence of con- 
temporary scientists on the predictive function of their hypotheses + 
It does not follow, Aquinas writes, that because 4 sick man has 
taken a certain medicine, he will be cured. Causes which give 
rise to their effects necessarily are simultaneous with the latter. 
_ Here we have a temporal sequence. It is important that the middle 
‘term be homogeneous, i.e., Of a single genus ; if one wishes to 
ae establish something from the past, the middle or causal terms should 
be taken from the past The same order should be observed in 
dealing with future things. When, however, it is argued, that this 
phenomenon has occurred, therefore we can predict what will 
follow, the genera are not the same but are related by priority and 
posteriority (time). Hence, even if the prior conditions are posited, 
the posterior effects need not follow since effects may be impeded. 
The words of Aquinas concerning sequence in time can be aptly 
applied to the predictive aspects of theories in physics. Such a 
sequence enters into the explanation of the hypothetical necessity 
of the order of nature. In material beings, which exist and act in 
time, we cannot guarantee an absolute, inexorable regularity in 
Ceci 
¢ Tennant, F., The Philosophy of Science, Cambridge, 1932, p- 1 45. 
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once anew that physics deals with contingent being, i.e., with being 


that may or may not exist. This hypothetical character of em- 
‘pirical data pervades the theories of physics no less than its laws. 


Aquinas’ discussion of temporal sequence in relation to logic 
fallacy of affirming the con- 


contains an indirect reference to the 

the conditioned is mistaken for the 
If a house has been built, 
en cut; therefore a house 


stones have been cut. But stones have be 
has been built.°° We could not argue thus unless we proved that 


the building of the house necessarily followed the cutting of the 
stone. Obviously we could not prove this. The same pitfall threatens 


our modern scientific theories. Admittedly, Aquinas’ example of 
e rather naive when 


t have arisen since 


compared to the elaborate scientific theories tha 
his day. But if new and apparently more complicated facts have 


been discovered, the principles remain the same. Aquinas merely 
_ shows in his clear and lucid fashion a truth that might elude us 
in view of the success of our modern theories: that the affirmation 


of the antecedent does not follow from the affirmation of the con- 
To proceed thus to forget 


sequent in a hypothetical proposition. 
tioned by the existence of 


that the contingently existing is condi 
something else and is not an absolute necessity of being which is 


independent of temporal sequence and cannot be otherwise than 
it is. 
The foregoing discussion has established 


tive induction is impossible in practice and that in theory it in- 
e empiricism is insufficient for 


volves a vicious circle. Hence a pur 
genuine science. It was then shown that though scientific laws, be- 
cause they do not reach essences, cannot in themselves confer 
necessity for possible experience, they nevertheless can confer a 

of nature. This 


hypothetical necessity in the light of the order 
hypothetical necessity, it was shown, is not the probability equa- 


tions of statistics and of quantum theory. The indeterminism of 


wave mechanics does not contravene the order of nature. 
In appraising theory, it was observed that hypotheses, not at- 


taining existent essence, involved a “leap into the unknown” and 


the fact that enumera- 
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CHAPTER IX 
AToMISM, THE END OF A FRONTIER 


Socrates was not content with a mere picture of the Platonic 
republic. He wanted, Plato records, to see it in action. So it is with 
modern physics. If we observe the physicist at work, noting how 
he proceeds from premise to conclusion, we cat best grasp the 


significance of his method. 
Though the concept of the atom, like the wor 
to the Greeks, chiefly Democritus and Epicurus, it was John Dal- 


ton in the early nineteenth century who founded modern atomic 
theory. Reasoning from the fact that chemical substances always 
ultiple), Dalton arrived at 


are made up of tiny in- 
a given element are 
f different elements 


d itself, goes back 


the ideas that: a) elemental substances 
‘dividual bodies called atoms: b) all atoms of 
alike, having the same weights, but atoms © 
are different; C) chemical combination of two elements is the 


synthesis of a small, determinate number of atoms of one ele- 
determinate number of atoms of another ele- 


ment with a small, 
ment to form each individual particle of the compound. 
ctrolysis—which 


The discovery by Faraday of the laws of ele 
lectrical charge, 


showed that for each univalent atom there is an ¢ 
ultivalent atom—laid the groundwork 


or a multiple thereof for am 
With the discovery of the electron in 


for modern subatomic ideas. 

1897 by J. J. Thomson, attention shifted from the description of 
the macroscopic world in terms of atoms to the resolving of atoms 
themselves into simpler quantities. On the basis of results obtained 
by the scattering of X-rays passing through matter, Thomson wrote 
the next chapter in modern physics: “(1) The atom contains elec- 
trons, the number being of the order of magnitude of, but probably 
smaller than the atomic weight ; (2) The neutral atom must con- 
tain as much positive electricity as there is negative electricity 
associated with its negative electrons; (3) The ensemble of the 
positive charge and negative electrons which make up the atom 
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ng off radiant energy. 
f the electrons would result eventually in 


Rutherford’s model appeared to correct 
d the accepted laws of motion 


om impossible. 
ptions can be 


the collapse of the atom. 
the Thomson theory. Yet if it obeye 
and radiation, it would have made an at 

Physics thrives on dilemmas. So long as no exce 
found to existing theories, the physicist sometimes rests his oars. 
But once variations are found in experiment, he is spurred anew 
to action. At the beginning of the present century, the Michelson- 
Morley experiment, showing that the velocity of light was a con- 
stant, stood in direct opposition to classical physics. Out of the 
conflict came the theory of relativity. At the same time, the radia- 
tion of a perfectly black body could not be reduced to classical 
laws. The dilemma gave to the quantum theory. The quantum 
theory was extended by Einstein, because of the difficulties of ex- 
plaining all the phenomena of light on the basis of the wave theory 


of classical optics. Finally, the duality of matter and light has 
s. Much of the great work in 


esemblance to Hegelian 
ited into one embracing 
ts bow. It was the di- 
hallenged the world of 


modern theoretical physics thus bears a Tr 
dialectic, in which the opposing views are un 
synthesis, and the coherence theory takes 1 
lemma facing the Rutherford atom which c 


physics and produced the Bohr theory. 
Meanwhile, a new development had taken place which enabled 


Bohr to formulate his answer. In 1900; Planck worked out an 
equation for black-body radiation*® which demanded as a physical 
basis that the frequency of the energy of emitted and absorbed 
light have discrete values, multiples of a definite amount. Energy 
was thus envisioned as being emitted in discrete packets, called 
quanta. The quantum theory, describing the emission of radiant 
energy in a discontinuous stream, was at variance with the con- 
tinuity hypothesis of the classical system. Since, however, physical 


ectly black body. It was studied 
a spherical cavity having a small 
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n the so-called Hohlraum, 
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_ ford atom model in which the accelerated electrons obedient to 


_ electromagnetic laws should consta 
two important postulates: 1) For every electron t 


ntly radiate energy, he proposed 
here is a limited 


number of orbits in which it does not radiate but is stable; the 
energy of an electron in such an orbit is anchored to a certain 
energy level and is said to be in a stationary state; 2) when an 
electron rises from a lower orbit to a higher one, it absorbs energy ; 
when it falls back again, it descends to a lower level and the lost 
energy is emitted as radiation.* Bohr’s theory proposed that the 
orbits and the angular momentum of an electron had discrete in- 
stead of continuously variable values. He called this interrupted 
character of mensurable matter quantization. It was another de- 
velopment of the quantum theory. 

From his mathematical interpretations, Bohr was able to deduce 
the so-called Rydberg constant, found experimentally in spectro- 
scopy. This constant occurs in equations for lines in the hydrogen 
spectrum. It became a relatively simple task now to derive on 
theoretical grounds the mathematical statement, hitherto empiri- 
cally known, of the Lyman, Balmer, and Paschen series of lines 
for hydrogen. The normal orbit of hydrogen’s solitary electron is 
1. In falling into orbit 1 from orbits 2, 3, and 4, it was computed, 
lines of the so-called Lyman series appear. In dropping into orbit 
2, the so-called Balmer lines appear. And so on. Bohr’s theory 
passed the test of physics. It agreed with experiment, could predict 


its results. 


The motion of a particle of sufficiently small kinetic energy and 


under the influence of a central force traces in general an elliptical 
curve. Sommerfeld extended the Bohr theory to ellipses. Making 
corrections demanded by the theory of relativity (in which mass 
varies with velocity), he was able to calculate the differences in 
energy between the various elliptical orbits. 

Bohr’s mathematical simplifications make it impossible to apply 
the theory to larger atoms because of the mathematical complexity 
of the many-body problem. Then too contemporary physics has 
come to believe that the laws governing subatomic phenomena are 
so different from those of the macroscopic world that it is no 
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es the “meson theory.” The meson, the heavy electron fo 
experimentally thus far only in cosmic radiation, has been ad- 
Yukawa and others as associated with the binding fields 
e to the exchange forces 
n is the negative 


hether it is neutral in charge is 
uture theoretical develop- 


ation or W 
heory,”* or some 


t. However, f 


particle of cosmic radi 
h regard to the meson t 


not a matter of agreemen 
ments may be expected wit 
other such particle (i.e., partitive and mechanical ) theory of atomic 
binding energies. Apart from its present significance, the meson 
theory is thus a powerful suggestion that energy is ‘substantialized’ 
in physics, i.e., is viewed like matter to be particle-units. 

o small to be 


The role of gravity in subatomic phenomena is to 
appreciable in its effects. There is, however, 2 Very important 
ple which plays 4 fundamental role in 

inciple” which 


quantum-mechanical princi 
It is the Pauli “exclusion Pt! 
e exactly the same states of 


particle interaction. 
states that no two electrons can hav 

motion (quantum numbers). This is a repulsive force acting be- 
tween similar articles. Its reason for existence is not known, but 
it may some day be deduced from a ™ general hypothesis.” 
From the Pauli principle, the periodic system of the chemical ele- 
ashion. It has also been f ruitful, 
each other, 


ments can be built up in deductive f 
ulsive actions of electrons on 
ibutions of 


with reference to the rep 
r computing the probability-distt) 
electrons. 


by providing helps fo 
the four co-ordinates (or quantum numbers) of 
d to release 4 particle from an atomic con- 
particle. A phi- 


The energy require 
figuration is called the pinding energy of that 
hat is energy? The physicist 


losopher may ask the question: W 

would define it in his ical language aS “the space integral 

of the force acting on 2728 But the philosopher, holding 

that physics is physical an have an empirical something to 
physical sense. 


d has to 
measure, must ask about th f energy ina 


e concept 0 
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ccording to the th A : 
The decrement in Hinde oe of relativity energy itself has mass is small.”*? Matter is in itself not the fundamental stuff pe le 
erved in nuclear reactions is found to thought to be by classical physics. It is a phenomenon of field. 


dang i = has 
released kinetic energy. Fonpatege €sponds, relativistically, to the ie _ is concentrated energy. A complete and consistent apts — a 
: not been worked out. Even in the attempts—by men like Wey 


oe : gee : fee ic fields into a single 
Mie—to unite gravitational and electromagnetic fi 


In Speak 
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ndamental reality. 
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Relativity may be said to geometrize the real, in : pie i 
proaches the ideal of Descartes: the seduction: © ne henom- 
tension. The fundamental science is world-geometry. phen 


its i be expressed in the 

‘ted for when its properties can De — ; 
Footy of the | al manifold. But in another sense, 
general theory of relativity is 
dology of Leibniz. It 


nineteenth century 
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ener : 
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it is not, in contemporary physics, the eS 
structure in the material world, at least im a cee a he on 
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' this sense. But how does the physicist account sii a gisuge 
: ‘it to parts and then adds the parts together ied net iets present 
The purpose of this chapter was to pass MB ee discoveries 
- tendencies in physics toward the study of matter. bei made at 
“will be made in the immediate future. They pes Te Ab world 
‘this moment. They will add new facts to the ipadneee pacers 
as the physicist paints it. They will not alter site aide ial 
of physics. Nor will they force any changes 17 P cot method 
this method. They will only show fur h 


ther the atom i 
: rds, 
of modern physics which Planck has well described in the wo 
_ Divide et impera. 
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ET PRINS SIT Perremmce 


ical to build instruments that will continue to di- 
deed with present-day facilities, attempts 
t to failure.’ But this does 
visible.® As d’Abro has 
te elements 


be impract 
a matter indefinitely. In 
‘divide the electron have been brough 


erate 
mean that matter is not indefinitely di 
posedly ultima 


ated the paradox of physics, if the sup 

had no structure, we could not study them empirically ; if they had 
tructure, then they would not be ultimate but divisible.* Indeed, 
e atomizing method implies in its own way the indefinite regress 
to smaller and smaller particles and the forces holding them 


ogether. 
As it was noted in the foregoing chapter, not only in dealing 
e is science atomistic. Its 


with the entitative character of structur 

whole treatment of dynamic phenomena is in parallel. Electro- 
‘Static attraction between proton and neutron holds the atom to- 
gether. Exchange-forces keep the nucleus from exploding. The 
interplay of electrons between orbits accounts for radiation, ac- 
cording to the Bohr theory; motion and the theory of stationary 
states keeps the atom from collapsing. The spin-hypothesis ac- 
_ counts for certain spectroscopic phenomena. The neutrino helps 
to explain the continuity in the beta-ray spectrum. The Pauli 
exclusion principle accounts for certain variations in state a6 rep- 
resented by the mathematics of wave-mechanics. Gravity helps to 
explain attraction. The concept of energy 4° possessing mass ac- 


- 


should have advanced but a step and should again be faced with the problem 
of determining the structure of these electrons, and so ad infinitum. It 
would be of no avail to say that our aim had been realized when the ulti- 
mate constituent elements were isolated. For either these supposedly ulti- 
mate elements would have no structure, in which case we could never know 


anything further about them, or else they would present a structure; but 
then they would not cons since this structure would 


titute ultimate elements, 
imply relationships betwee? and we should not be at 


1 their various parts, 
A., Evolution of Scientific Thought from 


the end of our journey,” d’ Abro, 
Newton to Einsteim, P- 402. 
6 Millikan, R. A. op. cH, P- 161 ff. 
t experimental evidence makes very prob- 
um; we may even go fur- 
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ond the electron and the quant 


erimental evidence that the sequence of 
smaller scales is not in itself essentially 
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universe except the inert and the 


e is nothing in the material 
f scientific method, if in itself it is con- 
f matter, must 


sive. The conclusion 0 
sidered adequate to determine the constitution 0 
eventually reach the absurd conclusion that it is made of nothing. 
In this sense, physics, unless there are realities outside of what it 
: studies, leads to absolute nihilism. Genuine philosophy, on the 
other hand, while recognizing and admitting the obvious achieve- 
ments of scientific method, avoids this contradiction of nihilism. 
It attains through its method of ‘ntellectual insight (abstraction ) 
the realities of being, form, unity, act, value, and finality. Scientific 
f we want to 


Picories are constructed to “save the facts.” But i 
save the universe,’ then we must transcend the empirical level 


n 
to the order of being. 

In keeping with the view of a material thing as @ mere sum, 
physics accounts for phenomena by a method of coordination and 
system (ad aequivalens ab aequivalenti). It remains, aS it were, on 
the surface of reality without penetrating deeper down into its 
ultimate ontological foundations. In accounting for experience, it 

only equates (ad 


- remains on the level of experience. Mathematics 
Equations in mathematics and physics 


aequivalens ab aequivalenti). sic 
are based on postulates that are neither mathematical nor empiri 
uation presupposes the ontological principles 


cal. A mathematical eq 

of being ; and a physico-mathematical equation presupposes a sub- 

equational and subactional—as opposed to . nteractional—something 

which conjugates into 4 single unit the phenomena which physics 
treats as entirely partitive. Physics of itself tends to regard -the 
world atomistically, without regard to the need for a principle of 
unity in being. Physics thus does not penetrate behind the men- 
surable wave-particles and their laws of interaction to their ontal 


foundations in beimg.- eS 

Being is referred to as that which 1s, id quod est. It has various 
din common usage. Here 
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meanings in the history of philosophy anc 

we may distinguish between being as considered by common sense 

9 and the being of metaphysics (ens in quantum 
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are concerned with a special kind of being. Thus biology is said 

“to study living beings; chemistry and physics, corporeal beings; 3 
and so on. But the physical sciences do not study their objects qua 
beings. If physical science is concerned with ens sensibile, the ac- 
_ cent is, as Maritain says, on the sensibile and not on the ens.* Being 
__ Serves only as a remote material object to physics. As in the case 
_ of hylemorphism, whether literally in its application to bodies, or | 
analogically, in its application to the form-matter character of defi- : 
nition by specific difference and genus as is here the case, the 
material serves only as an ;ndeterminate principle. It is the determi- 
nations which flow from form that knowledge attains. In the knowl- 
edge proper to empirical physics in the widest scope of such a 
science, the remote material object, being, is neglected, and the 
is the unique concern. 


g is. It re 
7h ee be te a dog, a stone, a house, as 
Soe. fig 1S attainable only < a 
. he two concepts of Sahai: 
o> 


ve 


entist, philoso 
being, this common re Sant has, as far as ay Every one, sci- 
é of ¢ € 1s an intelligent a object, corporeality, nea | 
ujinas defined being as the actuality of a thing.’ In this point, 
trast to the regressive, atomizing 


mic physics where the only 


his system stands in sharp con 
d as mere recipients, acted 


study of structure in contemporary ato 


realities, it was noted, are those viewe 
on from the outside ; mere potentialities. Being and operations are 


viewed as being determined by smaller partitive processes and so 
n of being in terms of actuality, 


on ad infinitum. In the recognitio 
genuine metaphysics transcends the scientific method which regards 
ve and ends by reducing the universe 


terial world. B E 
ecause it 0 this d 
substructure I does not eep realit 
of the reach do y in the ma- 

world we percej wn to the metaphysical material being as purely passi 

to a vacuum. In acknowledging the reality of something that is 

that is something one, in being, genuine metaphysics gives 

dequate to the 
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simple, 
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1 ODe CS geceeitee: the empirical sc; os tivity theory in its field concept has given a somewhat different interpre- 
a2 sciences tation to inertia. It has equated gravitational and inertial mass. It recognizes 
that in a given coordinate system, the law of inertia holds (local inertia), 
but the transformations (Lorentz equations) from one co-ordinate system 
£ the law of inertia, which has no 


made in terms © 
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, science, we : 
consider th 
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our knowledge Of the 
; external uni- 
| to another cannot be 
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meaning in this sense f the gravitational field (accelerated 
motion). But Relativity has no meaning on the contemporary quantum study 
admission of local inertia for individual co-ordinate 
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logical, to characterize the concept of being that the physicist must 


logically accept as a physicist, obedient to his atomizing method. 


The unity of being may be thought of in two ways, correspond- 
as in reality. It may be the tran- 


ing to the two references it h 
scendental unity of being as being, or the predicamental unity in 
the order of quantity. Predicamental or categorical unity is the prin- 
ciple of number and is found in every being as far as it is this 
or that determinate (i.e., categorical) being in the material order. 
It adds something real to the determinate being. It is the basis for 
enumeration and also classification.** Modern physics may be 
likened to ancient Pythagoreanism. With its tendency to disregard 
all but the mathematical aspects of the real, it is formally occupied 
Here indeed lies a 


with this predicamental or categorical unity. 
s circumscribed character. 
on the other hand, pertains to being as 
dedness of being itself.*° Nothing 


already included in being. Unity 


principal reason for it 
Transcendental unity, 
being. It is defined as the undivi 

can be added to being which is not 
expresses a general mode of being, the negation of division.”° That 
unity is convertible with being is proved by Aquinas in a very 
simple but forceful fashion. All being is either simple or composite. 
If it is simple, it is already one. I f£ it is composite, then it does not 
have being so long as its parts are divided but only when they are 
the instance of a house. 


put together. This may be exemplified by 
As long as the stones and other structural units are not put to- 


gether, the house is not a being. It is only a being when put 
together.22, Aquinas hints that this is only a figurative example 
since the house is an artifact. The unity of being is “like’”’ a house. 
A house is an aggregate. It is not a per se unity. Nevertheless, the 
example suggests in its own way the deep metaphysical meaning 
of Ens et unum convertuntur. The realities of potentiality and 
actuality shed clearer light on the fact that transcendental unity 

ation to being but is being itself when 


does not add a real determin : rs 
the mind inspects it from the viewpoint of its undividedness. If we 
n man, we find it to be a composite of 


example being as it is 1 
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evidence for the existence of a sub- 
d of the nineteenth century, the atom 
All this shows the typically 
scientific ideas. Physics is like a serial story 
nt but never comes to a final 
he divisions in matter, it does 
particle is indivisible, for the so-called 
in d’Abro’s language, structure. Hence 
being for the physicist, prescinding from the ideas which he might 
Nové as a man, is divided being (ens divisum)—a contradiction 
in terms if fully analyzed. It is not the true being of metaphysics. 


It is schematological. 

Unity, undividedness, act elude the scientific method. Physics 
studies material realities which are composite unions in themseives, 
But it studies these realities not as they are unities but as they are 
as such, escapes scientific technique because it, 
derive its reality from another determination 
‘ble with being)- Being and its attributes 
(which are really ;dentical with being but differ only logically, as 
far as we look at being in different ways ) cannot be discussed in 
actions. Science can only study that 


terms of addition and subtr 

which is definable in terms of superadditions, that which is, in 

itself, inert, deriving its reality from the outside. It cannot study 

being. It cannot study unity. Its conceptual system does not reach 

being as being but only a schema of reality. Compared to the full- 

ness of the real, the conception of reality, according to the method 
like a string of 


of physics, is, in 4 simile suggested by Aristotle, 
syllables that are considered apart from the word they form.2¢ 


Such an appraisal of the conceptual structure of physics does not 
mean that scientific t ts are wholly out of con- 


onstruc 
tact with reality. It was already noted that they have a material 
correspondent in the rea 


1 world. But the scientific method does not 
exhaust the riches of reality. It does not reach the ultimate prin- 
ciples of the real which exist on a 


level which physics cannot attain. 
True knowledge should proceed fro 


up to the present time no 
electron.’”’?> But until the en 


that reaches climax in each installme 
make t 
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d under a formal character in an element, 
otentiality of matter ? Or are they mere 
the bodies of the solar 


ental union, like 
hether the electron 


d the question w 
scientist takes reality as 


tatue out of marble.” 
sh by his argument that knowl- 


Though Eddington aims to establi 

edge is a priori, his question is not wholly meaningless even for 
the realist in philosophy. We cannot speak of the creation of an 
electron from matter. But we may well bring about a change in 
the constitution of an atom so that the electron which was poten- 
tially an electron in its status within the substantial unity of the 
atom, now becomes actually an electron, a whole in itself and no 
longer a part. The attempt to interpret present-day atomic physics 
entirely as a partitive mechanical aggregate, like the solar system, 
is based upon analogy and is subject to its logical pitfalls. “A model 


of this kind, for example, a system of mechanical, wave, or vortex 
motions, implies inexact or incomplete argument by analogy from 
a macroscopic to a di situation.””*° 


fferent microscopic 
A decision on this mooted question is not essential to present 
purposes. If the atom is a su or not, if the proton 


bstantial union 
is a mechanical aggregate OF not, it is sufficient to have established 
the ma cientific method 


that somewhere within tter studied by s 

there is the being, the unity, the actuality, the undividedness which 

escapes physics but without which the cosmos would be emptied 

of the real. Since this being is a material being, its quantity may 

be further divided, because quantity, as such, is indefinitely divis- 
ot be divided wi 


ible. But its being cann thout changing it into some- 
thing else.*t If an atom may be considered, by way of mere ex- 


ample, to be a substantial union, it may, as far as it is quantified, be 
indefinitely divided. But when we divide the parts from one an- 
necessarily indicate the level of reality, mole- 


* The philosopher need not 
cular, atomic, Or subatomic, where form appears. It suffices to show that, 
if the macroscopic world is mechanical, we eventually, in breaking it up 
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“substrate has no actuality ee Swain that is on a differ- 
Hence, there can be a substantial union—4 sch phan balloees 
1 from the mechanical aggregation gical physics of 
a ave hoon pounds and in atoms.** The emp 
to exist in com 


tine 

eque res contin 

36 «6 ma, per quam unaqua j ine.) 

‘cit wae ond sg Div. Nom., 1, 2, 3. Scary ag rma,” does not convey the 

Or Th i fish e ord “form,” like s ae ey substantial form. The 
37 : n 

th ih D  caaiie 1 philosophy im: * sg éyety to be com- 

ought o na 


g ret 

Sicwat n, evtedé) entelechy (év 7é 

3 parepeaanee pte Soy’ entelechy, has been popularized by Driesch 
he term, 


ing, and 
such, changes the 
ion is carried far 


“<é " . 
If you expect your con- tur in suo esse terminus 


they ought to be conjoined 
shows each concept as one- 


- I might say: 


'—concrescere. If th i : h clearer. T has acquired an unfortunate mean- 
your world would no longer lack reality. But the ey did, plete) ' a In this context, the pane concepts nor with the reality 
1s missing —substance, "4 a eek A Tak haere in accord with Aristo despite its confusion, entelechy 


i ich is not ” ever ER 
ing whic a word “form. How at ndering of “forma substantialis” 
as 


designated by th gerd : : 
is perhaps less ewieeer’ gee eal pegimcdnce over storm el 
which conjures UP, in 
spatial figure and shape. 
8 J, Met. Vil, ee 


“In Met. V, 15. 
| "1, 76, 4 ad 4. 
*T, 76, 3 ad 4. 
* Op. cit., p. 74. 
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Aristotle has been j 
en jetti 
advanced in the kaa vi Be eee and the theories 
challenged tod cience of physics. B , ° : 
a 3 . But m 
aid hie ee. es the same dilemma that Me ie 
We observe | NIGER beg pieapeip of the bifurcation in ae 
quality, extensi eings inertia and activit : : 
Gener cae a and indivisibility, flux and Tea ee 
head has pal aa a the recurrence of a type or Neuse aoe 
atomic pales hae d aay problem, viz., “that there Agee cher 
at Wteusion Fi. saa which is independent of the esis fetes 
is more than the lo Soe which in itself is one soa which 
within the volume ee diy bcc of entities achioneti sie 
there are adieadina + the point occupies.’’*® He r si 
philosophy of pe Pl of things by their alte a his 
RCRD ATE .”’ But his 
— was dualistic. onistic and even pantheistic. Alaae's 
e method of physi 
Chitin. 3 Physics cannot study the ‘ 
cannot study substantial cae he. one Aa 
. It can neither ac- 


cept nor reject the id 

: : ea of a pri 

is ca : nt pll ss i 

rried out on a different level a. substrate. Its work 
0 € 


bei 

ng the same as the whole ; 

whereas if ‘ : : €, just as 
combination’ is compo 


. 
, 


sition of the small particles 


* Concept of Nat 
“TAL ee 
41 
On Gen. and Corr., 328 a 10-13 
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e within the particles studied by phys- 
€ the macroscopic bodies, of mole- 
les, this substantial compo- 
t be able to put his finger 
ger discover accidental 
ive unity 


s unchanged. Somewher 
bine whether it be on the level 0 
cules, of atoms, or of subatomic partic 
ition exists. The philosopher may 70 
‘on the level of reality where we Can no lon 
unity in things but must come to that higher, inner, act 
that flows from form. But he can say with certitude that some- 
where down in the deep reaches of matter this unity, this form, this 
entelechy, this non-inertial reality resides. 
: It is the reality of this entelechy or form that saves matter from 
_the infinite mechanical regression which would render it a void. 
As Aquinas in following Aristotle remarks, “Sybstantial form is 


not only the perfection of the whole but of every part.’*? It confers 
being by its immediate union with matter. There is no indefinite 
mediation of particles and forces as we have in modern physics, 
both in method and result.4* “Form by itse 


If renders a thing actual, 
since by its essence it is not act, nor does it confer being through 
a medium.’’** 


‘The immediacy, the term 


ination, the directness of form evades 


the technique of physics. Entelechy, because it is immediate, can 
only be grasped by the faculty of immediation, V12-, abstraction. 
‘thout the middle term 


Abstraction directly apprehends reality w! 
and without the enumeration which are demanded by physics. As 


_ Aquinas says, between the individual and the species, there is no 
middle term.*® An immediate thing does not have what d’Abro 
calls “structure.” It cannot be apprehended by physics. It can only 


be attained by abstraction. : 3 ‘ 
Because entelechy confers being, because it combines witht the 
primary potential substrate to form a reality which 1s “ip? same mt 
its whole and in its parts, entelechy also confers unity. Such a 
unity, which is not a mere mechanical aggregation, ee oe 
sible by the fact that one of the principles 15 purely potential.*’ 


“JT, 76, 8. 

#7, 76, 4. 

“1, 76, 7. 

© Cf. supra, P- 134. 
* Quodl., I, 6. 
“In Met. Viti, 5 
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real counterpart in nature, is not the 4s 
Sci { metaphysics. If it is transferred . 
divisum, a contradiction i 


of physics, while having < 
ontological being of the science © ah | 
' to the level of ontology, it becomes an Hs 
" ite, sae a bis ae with Aristotle in the ceeene: si y 
(ie 38 eine ard scientific method as the aa aa Hi a 
te su. Oe eae of physics as mga syed ear 
ie Eade Gece etoplifis ane hi ie peas principles. 
edge. Galileo re . nie “iistinctions exist, we vee eer 
By making jaar en and the traditional sciences o beh 
both modern empirica ie method of modern physics o : xs 
physics and agape the modern mind both pets jai bare 
eid 4d ‘iets mee - hitherto undreamed of. Yet 1 pp .ereRae 
. en within which it will continu 
philosop 


ble, it is 
; _ It is only to be reasonable, 
but beyond which it may mr oe limits imposed by the nature of 


eer, iz 2 erat 
only to be realistic, to Te a disputed frontiers between scienc 
things. When that is done, be the battle ground they now are. 


i - : ther. 
nee apap foe er “L scientist can again work together 
The poet, philosopher, 


€ar an actual existence as something defi- 
nite and distinct in themselve 


s.*° It may be affirmed only that the 


SRT na — 


noted, if the one (unity) does not e 
be conceived,5° 


» hot, because it is ; 
cause the very empirical orde 
being, unity, and entelechy. Hj 
degree but also in kind. The 


“In Sent. IV, d. 10; 1 
“I Anal. Post. 36. 

© Par. op. cit., p. 140, 
= Maritain, 


3 ad 3 sol. 3, 


J., Sept Lecons sur VEtre, pp. 5 £. 
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